AMENDMENT UNDER 37 C.F.R. § 1.111 
Application No.: 10/579,790 



Attorney Docket No. : Q9456 1 



REMARKS 

Claim 1 has been amended to delete "carboxyl group quaternary nitrogen compound 
salts." Claim 7 has been amended to recite that the fluoro-polymerised material has a yellow 
index of not higher than 2. Support is found, for example, at page 21, lines 34-35 of the 
specification. No new matter has been added, and entry of the Amendment is respectfully 
requested. 

Claims 1-5 and 7-10 are pending. 

Applicants note with appreciation that claims 1-5 are allowed. 

Claims 7-10 were rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Buckmaster (US 5,045,605). 

This rejection should be withdrawn because Buckmaster does not disclose or render 
obvious the present invention. 

Present claim 7 relates to a fluoro-polymerised material comprising a fluoropolymer. 
The fluoro-polymerised material has a yellow index of not higher than 2 . 

The fluoro-polymerised material of claim 7 can be produced by the production method of 
claim 1 . In the production method of claim 1, the melt-processable fluoropolymer (A) is 
subjected to melt-kneading in a kneader comprising a stabilization treatment zone. Since the 
fluoro-polymerised material of claim 7 is produced by the production method of claim 1, the 
fluoro-polymerised material has a yellow index of not higher than 2. 

In contrast, Buckmaster discloses heating a fluoropolymer in the presence of a secondary 
or tertiary amine (col. 2, line 67 - col. 3, line 1 1). 
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When a fluoropolymer having a -CF 2 CF 2 H group is heated in the presence of an amine, 
the -CF 2 CF 2 H group is transformed to a -CF=CF 2 group by elimination of hydrogen fluoride, as 
shown by the following reaction formula: 

-CF 2 CF 2 H -> -CF=CF 2 + HF. 

(Please see page 346 of Evidence 1, Houben-Weyl Methods of Organic Chemistry, 
Additional and Supplementary Volumes to the 4 th Edition, Volume E 1 Ob/Part 2, Organo- 
Fluorine Compounds, submitted herewith.) 

Therefore, a carbon is formed by the depolymerization reaction of the -CF=CF 2 group, as 
shown by the following reaction formula: 

-CF 2 CF 2 CF=CF 2 -> -CF=CF 2 + -CF 4 + C, 
and followed by coloration with carbon. (Please see column 5, line 44-53 of Evidence 2, US 
6,451,962, submitted herewith.) 

Further, since the amine decomposes at high temperature, the fluoropolymer obtained by 
the production method of Examples 4 and 5 of Buckmaster is discolored. 

Therefore, the fluoropolymer of Buckmaster has a high yellow index because of the 
presence of dimethylamine. 

In view of the above, present claims 7-10 are not obvious and are patentable over 
Buckmaster. Reconsideration and withdrawal of the § 103(a) rejection based on Buckmaster are 
respectfully requested. 

Allowance of claims 7-10 is respectfully requested. If any points remain in issue which 
the Examiner feels may be best resolved through a personal or telephone interview, the Examiner 
is kindly requested to contact the undersigned at the telephone number listed below. 



6 



AMENDMENT UNDER 37 C.F.R. § 1.1 1 1 
Application No. : 1 0/579,790 



Attorney Docket No.: Q94561 



The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 

SUGHRUE MION, PLLC Hui C. Wauters 

Telephone: (202)293-7060 Registration No. 57,426 

Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

Date: April 8, 2010 
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(57) ABSTRACT 

To provkle the stabilization method, in Which unstable 
groups of melt-processable fluorine-containing polymer 
having unstable groups can be stabilized rapidly and 
effectively, and even if the obtained stabilized polymer is 
melt-molded, an obtained molded article is free from 
bubbles and cavity and no coloration arises, The method of 
stabilizing a fluorine-containing polymer by melt-kneading 
a melt-processable fluorine-containing polymer having 
unstable groups in a kneader having a stabilization treatment 
zone which satisfies the following conditions: 
(1) an oxygen-containing gas is present in the stabilization 



(2) water is present in the stabilization treatment zonB, and 

(3) an absolute pressure in the stabilization treatment zone 
is adjusted to a pressure of 0.2 MPa or more or (a) an 
oxygen-containing gas ia present in the stabilization 
treatment zona in a sufficient amount that the fluorinc- 
containing polymer after the stabilization treatment has 
the number of carbon radical spins measured by an 
electron spin resonance absorption analysis at a tem- 
perature of 77 K of not more than 5xl6" spin/g, and 
(b) water is present in the stabilization treatment zone. 

34 Claims, No Drawings 
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METHOD OF STABILIZING FLUORINE- 
CONTAINING POLYMER 
TECHNICAL FIELD 

The present invention relates to a method of stabilizing a 
melt-processable fluorine-containing polymer, particularly 
to the method for ofticiontiy stabilizing unstable end groups 
ttnd/0( unstable bonds being present in a trunk chain in a 
short period of time, 

BACKGROUND ART 

A lot of melt-proeessable fluorine-containing polymers 
are known, for example, a copolymer (FEP) of tetrailuoro- 
ethylene (TFE) and hexafluoropropylene (HFP), a copoly- 
mer (PFA) of TFE and perfluoro(alkyl vinyl ether) (PAVE), 
a copolymer (ETFE) of TFE and ethylene, and the like. 
Among such melt-procossable fluorine-containing 
polymers, there are those which cause bubbles and cavity in 
a molded article produced by melt-processing. This is con- 
sidered attributable to a volatile substance generated by 
decomposition of unstable end groups of the fluorine- 
containing polymer due to heat (U.S. Pat. No. 3,085,083). 

The unstable end groups being present in the melt- 
processable fluorine-containing polymer depend on a poly- 
merization method and kinds of a polymerization initiator, 
chain transfer agent, etc. For example, in case where a 
persulfate (ammonium persulfato, potassium pcrsulfate or 
the like) which is usually used In emulsion polymerization 
is used as a polymerization initiator, a carbaxylic acid end 
group is generated. The carboxylic acid end group changes 
to a vinyl end group (— CF— CF a ) or an acid fluoride end 
group (— -COF) by melt-kneading, though it depends on 
melting conditions. Those end groups are thermally unstable 
and generate a volatile substance which causes bubbles and 
cavity in a final product. 

In U.S. Pat. No. 3,085,083, those unstable end groups are 
treated in the presence of water and heat and thus are 
converted to Stable — CF 2 H groups. In a method described 
in JP-E-46-23245, unstable end groups are converted to 
stable end groups such as — CF 3 by reacting with a fluori- 
natiug agent such as fluorine gas. 

Also there is a case where unstable bonds are generated in 
a trunk chain of a lluorme-c»ntainmg polymer depending on 
a method of bonding of recurring Units. For example, in case 
of a copolymer FEP of TFE-HFP, it is said that bonding of 
HFP with HFP is unstable and is cut by a mechanical force 
(shearing force) to be applied at melt-kneading, thus gen- 
crating unstable vinyl end groups (U.S. Pat. No. 4,675,380). 

In U.S. Pat. No. 4,675,380, a large shearing force is 
applied with a twin-screw extruder at melt-kneading to cut 
a HFP-HFP bond, thus giving an unstable end group. How- 
ever in that method, since a kneading machine which is a 
twin-screw extruder being capable of applying a large shear- 
ing force for a short period of time is used, an object thereof 
is limited to cutting an unstable bond of a trunk chain and 
giving an unstable vinyl end, and it is not expected to treat 
the generated unstable end group in the twin-screw extruder. 
On the contrary, if oxygen is present, the vinyl end group is 
converted to acid fluoride end group, Therefore the fluorinc- 
CODtaining polymer iB treated in an atmosphere being free 
from oxygen substantially and the fluorine-containing poly- 
mer having the vinyl end group is taken out of the twin- 
screw extruder as it is and then subjected to stabilizing 
treatment outsido the extruder. Also the inside pressure of 
the extruder is reduced (less than 0.1 MPa in an absolute 
pressure) to exhaust volatile substances, etc. to be generated 
in the twin-screw extruder at the rime of melt-kneading 
outside the extruder. However there arises coloration attrib- 
utable to carbon generated by depolymerizatioa of the vinyl 
end group. 
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In order to eliminate such a detect of the twin-screw 
extruder, in the method described in WO 98/09784, treat- 
ment for stabilizing an unstable group is carried out by using 
a so-called surface renewal type knoador having an effective 

5 volume ratio (effective volume in vessel/volume of vessel) 
larger than 0.3 at nearly an atmospheric pressure for a 
residence time of as long as 10 minutes or more under mild 
kneading condition of a power coefficient K of less titan 
8,000 which is represented by the equation: K-Pv/^u/n 2 , 
wherein Pv is a power required por unit volume (W/m*), jx 
is n melt viscosity (Pa's) of a polymer at 372° C, and n is the 
number of rotations (rps). 

However in the long-term melt-kneading by using a 
surface renewal typo kneader , a problem with coloring is 
solved, but not only lowering of a treating efficiency cannot 

,s be avoided but also depolymerization of the vinyl end group 
advances and deterioration of the resin easily occurs. Further 
a size of tb.B treating equipment becomes large and there 
arises a problem that it takes a long time for replacing a resin 
remained in the kneader when changing the resin to be 

20 treated. 

An object of the present invention is to efficiently stabilize 
unstable groups of a melt-processable fluorine -containing 
polymer in a short period of time and to provide a molded 
article free from bubbles and coloration. 

25 

DISCLOSURE OF INVENTION 

Namely the present invention relates to the method of 
stabilizing a melt-procossable fluorine-containing polymer 
having unstable groups by melt-kneading the polymer in a 
kneader having a stabilization treatment zone satisfying any 
one of the following conditions. 
Condition 1 

(1) An oxygen-containing gas is present in the stabilizar 
}S tion treatment zone, and 

(2) water is present in the stabilization treatment zone. 
Condition 2 

(a) An oxygen-containing gas is present in the stabiliza- 
tion treatment zone in a sufficient amount that the 
40 fluorine-containing polymer after the stabilization 
treatment has the number Df carbon radical spins mea- 
sured by an electron spin resonance absorption analysis 
at a temperature of 77 K of 5x10" spins/g or less, 
preferably 1x10" spins/g or less, and 
45 (b) water is present in the stabilization treatment zone. 
The stabilization treatment zone may be under reduced 
pressure, under atmospheric pressure or under pressure. 

In case where the stabilization treatment zone is made 
being in a pressurized state, an absolute pressure thereof is 
so adjusted to not less than 0.2 MPa, preferably not less than 
0.3 MPa. 

The unstable group of the fluorine-containing polymer 
may be present at an end of polymer chain or at an unstable 
bond of a trunk chain. 

gs With respect to the method of making an oxygen- 
containing gas and water being present in the stabilization 
treatment zone, the oxygen-containing gas and/or water may 
be mixed previously to the fluorine-containing polymer or 
may be introduced into the stabilization treatment zone for 
the first time. It is a matter of course that the oxygen- 

60 containing gas and/or water may bo mixed previously to the 
fluorine-containing polymer and further supplied into the 
stabilization treatment zone. The oxygen-containing gas is 
preferably air. 

It is preferable that a compound containing alkali metal, 
&s alkali earth metal or ammonium salt, an alcohol, an amine or 
a salt thereof or ammonia which accelerates the stabilization 
of unstable end groups of carboxylic acid or its derivative is 
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present in the stabilization treatment zone. Those additives particularly those prepared by emulsion polymerization by 

may be previously mixed to the polymer or may be added in using, as an initiator, a persult'ate which causes unstable 

the treatment zone, groups. Other examples of the polymer which is strongly 

For melt-kneading, a kneader like a screw type kneader required to be subjected to stabilization treatment are 

giving » relatively large shearing force may be used. Prof- s fluorine-containing polymers prepared by the polymoriza- 

crable examples thereof are multi-screw type kneader, par- tion process in which ends of the polymer were not saturated 

licularly n twin-screw kneader. with fluorine atom or hydrogen atom. Among the fluorine- 

Tho residence time is loss than 10 minutes, preferably less containing polymers, there are obtained polymers having 

than eight minutes. When the residence time is too long, it less unstable groups depending on the polymerization 

becomes difficult to eliminate heat generated by shearing method to be employed and kind of an initiator or by using 

and there is a case where the polymer is deteriorated. alkanos such as methano as a chain transfer agent. Some of 

The stabilization method of the present invention can be those polymers have not been required to be subjected to 

applied to melt-processable fluorine-containing polymers stabilization treatment depending on application, but 

having unstable groups, The stabilisation method is offoc- becomes further stable by the stabilization treatment of the 

lively used particularly for stabilization treatment of present invention, 

unstable groups of a copolymer comprising at least two 15 The stabilization treatment of the present invention can be 

monomers selected from the group consisting of totrarluo- curried out by using a kneader having a stabilization treat- 

methylene (TFE), hexafluoropropylene (HFP), perfluoro ment zone and operated under the above-mentioned specific 

(alkyl vinyl ether) (PAVE), ethylene (ET), vinylidene fluo- conditions, In the stabilization treatment zone, unstable 

ride (VdF) and chlorotrifluoroethylcne (CTFE), groups are stabilized rapidly and nearly completely, 

chlorotrifluoroethvlene homopolymer (PCTFE) and 20 Kind of unstable group and the stabilization reaction 

vinylidene fluoride homopolymer (PVdF). thereof are explained below, while the explanation involves 

Examples of those fluorine-containing polymers are, for an assumption. As mentioned above, known as the unstable 

instance, a copolymer comprising 0.5 to 13% by weight of group are those attributable to a polymerization initiator, 

perfmoro(methyl vinyl ether) (PMVE), 0.05 to 3 % by chain transfer agent, and the like such as a earboxylic acid 

weight of PAVE other than PMVE and a remaining amount ls group (— COOH), a vinyl group (— CF=CF 2 ) generated by 

of TFE, a TFE/HFF copolymer, particularly TFE/HFP modification of the earboxylic acid group due to heat, an 

copolymer having unstable groups prepared by emulsion add fluoride group (— COF) derived from the vinyl group, 

polymerization, and the like. and the like, Those unstable groups are usually positioned at 

In order to exhaust various gaseous substances generated «nds of polymerization chains (trunk chain or side chain), 

by the treatment in the stabilization treatmont zono out of the Also there is a case where unstable bonds are generated on 

kneader, a deaaration treatment zone having an absolute 30 a bonded porU'on of the trunk chain of polymer depending on 

pressure of not more than 0.1 MPa may be provided down- kind of the polymer and the preparation process. For 

stream of the stabilization treatment zone. oxamplo, while in the TFE/HFP polymer. TFE and HFP are 

Further the present invention relates to pellets comprising polymerized at random, thBre is a case where a HFP/HPP 

the fluorine-containing polymer having end groups stabi- bond recurs in the polymerization chain. This HFP/HFP 

lized by the above-mentioned methods. 35 bond is an unstable bond easily cut by a mechanical force 

(shearing force), and thus it is anticipated that unstable vinyl 
group and acid fluoride group are generated. 

It is assumed that the reaction for stabilizing those 
unstable groups are as mentioned below. 

First the melt-processable fluorine-containing polymer 40 Carboxylic Acid End Group 
having unstable groups to which the present invention is 

applied is explained below, (i) 

Known as the melt-processable fluorine-containing poly- HjO 

mcr are, as mentioned above, a copolymer prepared by cpjCOOh " cp 2 a ♦ co a 

copolymerizing two or more monomers such as TFE, HFP, ^ 

C J^he O iTk? 0 ^rJL C S The above reaction is carried out by heating usually at 
VdF homopolymer (PVdF), and the like, Examples of the <2aQB ,„„ c nrfcfe] . at ,i v 300 <> to 4 rjo° c 

^^^'^T^^R^S^i * SSS^StZTi effective to add a 

JH XHud TBW impound containing alkali metal, alkali earth metal or 

mer; and trie like, calcium carbonate, sulfates such as potassium sulfate, 

Examples of PAVE are, for instance, vinyl ethers repre- n i trales as potassium nitrate, ammonium salt such as 
sented by the formula: ■ arDro onium hydroxide, ammonia, alcohols such as methanol 

_ _ rtWV „ , „ and cthanol, amine or a salt thereof, and the like. In case of 

c^-crocw^f alkali metfl] or fllkali ewth metttl compoun ds, the end group 

is converted to — CF 2 H, In case of an ammonium salt, 
ammonia and amine, the end group becomes an end group 
60 of acid amide (— CONH^) (partly becomes an end group of 
cF^-cFfo-cF^cFrcFAOCF, — CF 3 H at high temperature), and in case of alcohol, an end 
group becomes an end group of alkyl ester (—COOk). 
wherein n is an integer of 1 to 4. While the reaction accelerating agent may be added 

Those melt-processable fluorine-containing polymers previously to the fluorine-containing polymer, it is prefer- 
have unstable groups more or less, Typical examples of the 6S able to add the agent together with water from the point that 
fluorine-containing polymer, the unstable groups of which the agent can be dispersed uniformly in the polymer. An 
are particularly dBsired to be stabilized are FEP polymers, adding amount thereof depends on kind of the fluorine- 
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'containing polymer to bo treated. The adding amount is not MPa of absolute pressure in any of Examples 1 and 2 of WO 

mora than 10%, preferably 0.1 to 10%, particularly prefer- 98/0i>784) so that carbon resulting in coloration is not 

ably 0.2 to 5% bused on Hie total number of unstable groups generated by depolymerizatoin. Further the kneading is 

(carboxylic add end group) in the fluorine-containing poly- parried out under mild condition of a power coefficient K of 

mer when converting to the number of alkali metal atoms or s lesa 'han 4000, preferably not more than 7,000. Thus a 

alkalicarthmetiilatomsincaseofalkalimeUloralkaliiMrth P cnod of lime *sm* &r lhc stabilization treatment is 

case of an ammonium salt compound When the adding £ 

amount IS too large a stabilization rate of unstable end 1Q j^Xorirlc (reaction (IV» add ^polymerization is 

groups is increased, but coloration of the polymer cannot be teduced t0 !nhibit gone(a( i oa of car b on and prevent colora- 

ckminatcd completely. Also there is a tendency that the tion MtJ at tho gama tima< by aAT[y iae, out the stabilization 

polymer itselt is deteriorated and a molt viscosity is lowered. reaction (I) of the carboxy lie acid end group under pressure, 

For stabilizing a carboxylic add end group, there is a the feact j on is accelerated. For that purpose, it is preferable 

melhod of fluorination treatment by using fluorine gas, but i 0 Carr y ou t ih e operation in the stabilization treatment zone 

in the present invention, the fluorination treatment is not 15 0 f the kneader under the above-mentioned specific condi- 

carried out in the stabilization treatment zone. Of course, the lions. Mentioned below are explanations of each condition, 

fluorination treatment may be carried out if needed after the (1) In the Presence of an Oxygen-containing Gas 
stabilization treatment of the present invention. Oxygen is a reaction component necessary to convert the 

Vinyl End Group vinyl end group to the acid fluoride end group. Further it can 

It is presumed that the vinyl end group is generated from so be expected thai carbon atoms generated somewhat by the 

a carboxylic acid end group and an unstable bond of a trunk depolymerization of vinyl end group are oxidized to give a 

Chailt due to heat or a shearing force. carbonic acid gas. 

An amount ot oxygen (O^) varies depending on a reaction 

an temperature, residence time In the stabilization treatment 

. zone, type of extruder and kind and amount of unstable end 

— CF s CFiCOOH — - — CP— CPj + hp + co s 25 group. It is preferable that the amount of oxygen is at least 

m the same mole as that of the unstable end group 

w (— • CP«=CF 4 ) to be stabilized or is an excess amount ill . 

HP!' — hi* °" or ° B ' 2( — cps^ecFj) consideration of diffusion loss and an amount to be 

exhausted without contributing to tho reaction, for example, 

, , 30 an amount of ten times or more in mole, particularly 50 to 

The vinyl end group is converted to a tnfluoromethyl 500 times in mole 
group by fluorination treatment or converted to a carboxylic Tbc oxygon-containing gas may be supplied after diluted 

acid group through an acid fluoride by tho following reaction to a prc> per concentration (for example, 10 to 30% by 

formulae. volume) with an inert gas such as nitrogen gas or argon gas. 

— cf*"CFj+o 5 -» — cof+coFj (iv) 35 ;> prcferable to use air as it is from economical point of 

— cof+iS,0->— OOOH+HF (V) Oxygen may be present in the stabilization treatment 

zone. Oxygen may be contained in the fluorine-containing 

The generated carboxylic acid end group is treated by tho polymer before the polymer is poured into the kneader or 

above-mentioned method. In the above-mentioned U.S. Pat. may be supplied into the kneader after the polymer is poured 

No. 4,(375,380, the reaction is terminated with the vinyl end 40 into the kneader. It is a matter of course that the both 

group in the absence of oxygon substantially so that the end methods are employed together, 

group is not converted to an acid fluoride which requires (2) In the Presence of Water 

complicated treatment. _ Water is usod in the reaction (1) for stabilizing the 

However if the vinyl end group is heated, as described in carboxylic acid end group and in the reaction (V) for 

the following formula, depolymerization arises nnd carbon « converting acid fluoride to carboxylic acid, 
is generated. Therefore in the above-mentioned U,S. Pat, it is necessary that an adding amount of water is an excess 

No. 4,675,380, a melt-kneaded product of a dark color is am0 unt rather than a theoretical amount necessary for the 

obtained. above-mentioned reactions. Since the adding amount of 

water depends greatly on a pressure thereof and conditions 

W so in the kneader, it is determined in an actual Operation of the 

CF=CFj - -— CF=CPa f CPj + C n ^ m ; ntk)ned ab0Y6f the rcaction (J) £or stabilizing the 

carboxylic acid end group is greatly accelerated by adding a 

Acid Fluoride End Group reaction accelerator such as an alkali metal compound, and 

The acid fluoride end group is subjected to stabilization w therefore it is proforablo that water is added in a State of an 

treatment after once returned to a carboxylic acid group aqueous solution containing the accelerator. A concentration 

according to the above-mentioned formula (V). of the aqueous solution may be selected optionally based on 

As mentioned above, in the stabilization treatment of the the above-mentioned necessary amount of the accelerator, 
fluorine-containing polymer, in many cases, finally a reac- Water may be present in tho stabilization treatment zone, 

tion for stabilizing the carboxylic acid end group with water Water may be contained in the fluorine-containing polymer 

and heat becomes a rate-determining reaction, and a stabi- d0 to make the polymer in a wet state before pouring the 

Hzation method minimizing depolymerization of the vinyl polymer into the kneader or may be supplied into the 

end group is employed. For example, in the method kneader after the dry polymer is poured into the kneader. It 

doscribod in the above-mentioned publication WO is a matter of course that tho both methods are employed 

98/0P7S4, priority is given to the stabilization reaction of together. For example, it is preforablo that after the polymer 

carboxylic acid end group, and the stabilization treatment is w is treated with an aqueous solution of reaction accelerator 

carried out under the mild condition for generating the vinyl and then dried and poured in the kneader, the kneading is 

end group, namely, at nearly atmospheric pressure (about 0.1 carried out while supplying water and oxygen (air). 
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With respect to an amount of water to be supplied, the treating lime of less than 10 minutes is sufficient, 

theoretically the stabilization can bo carried out as far as the preferably 0,2 to 5 minutes. When the residence time is 

number of water molecules is the same as the number of incrcasccl, a shearing force is applied more and the polymer 

unstable end groups to be generated in the knoader (twin- tends to be deteriorated. 

screw extruder). Actually it is preferable to supply water in , A temperature in the stabilization treatment zone is usu- 

an excess amount, particularly in the number of water 3 ally 200" to 450° C, preferably 300* to 400* C. 

molecules of not less than 10 times the number of Unstable In the present invention, in order to take out gaseous 

end groups. An upper limit of the amount of water is not substances generated in the stabilization treatment reaction, 

limited particularly, for example, fluorinated hydrogen, carbon dioxide and a 

Unless any specific measures are takon. usually in the small amount of monomer generated Iby decomposition from 

polymer to bo supplied into the kneadcr, air and water are to the inside of the fluorine-containing polymer subjected to 

contained liko the atmospheric air. However only with such the Stabilization treatment and to exhaust the gaseous sub- 

amounts of oxygen and water, an effect of the stabilization stances from the kneader, it is preferable to provide a 

which can be achieved by the present invention cannot be doaeration zone having an absolute pressure maintained at 

exhibited. It is, assumed that the reason for that is because o.l MPa or less successively alter the stabilization treatment 

in the stabilization treatment zone of the kneadcr, low 1S Z0M , n the kneader. The absolute pressure in the doaeration 

molecular weight substances and various additives (for ma& j s preferably a pressure reduced to such an extent that 

example, polymerization initiator, etc) are decomposed to the polymer cannot enter into an exhaust nozzle, though it 

generate gases, which decreases a partial pressu re of oxygen varies depending on a molten state of the polymer and 

in stabilization treatment zone and makes a contact between operating conditions such as the number of rotations of the 

the polymer and oxygen insufficient, screw of extruder, 

As far as the above-mentioned conditions are satisfied, The fluorine-containing polymer obtained by the stabili- 

namely when an oxygen-containing gas and water are con- za tj on method of the present invention and discharged from 

tained positively in the polymer and/or when an oxygen- the kneader is usually in the form of pellets. Even when the 

containing gas and water are supplied continuously to the pellets are subjected to melt-molding, the obtained molded 

stabilization treatment zone, the inside of the stabilization article is free from bubbles and cavity and coloration does 

treatment zone may be under pressure, under reduced pres- 23 not gr j sei 

sure or under atmospheric pressure. Preferably an absolute As case demands, the kneaded product (pellets) taken out 

pressure is adjusted to become under pressure of not less 0 f the kneader may be subjected to tho above-mentioned 

than 0.2 MPa, preferably not less than 0,3 MPa. By fluorination treatment. 

pressurizrog, for example, introduction of water and oxygen The present invention also relates to the method of 

is accelerated and the stabilization treatment can be carried 30 stabilizing a melt-processable fluorine-containing polymer 

out rapidly. The pressure can be measured with a pressure having unstable groups in the kneadcr having the stabiliza- 

gauge mounted on the kneader. tion ireatment zone under the conditions that: 

An upper limit of the pressure is not more than 10 MPa, ( a \ ^ ^gen-containing gas is present in the stabilization 

preferably not more than 5 MPa, though it varies depending treatment zone in a sufficient amount that the fluorino- 

on a state of melt-sealed part, type of the kneader, etc. 3S containing polymer after the stabilization treatment has 

The pressurizing can be carried out, tor example by ft ^ rf cafbon (ng moasulcd by an 

supplying a pressurized oxygen-c^ttming gas which is . resonance absorption (ESR) analysis at a 

described heremafter and/or ^mm^^^b^ temperature of 77 K of not more than 5x10* spin/g, 

When the polymer is melt-kneaded in tho stabilization *° 00 water is present in the stabilization treatment zone, 

treatment zone under the above-mentioned conditions, irre- By the mentioned method, a stabilized fluonnc-contaimng 

spective of the end groups and unstable bonds in the trunk polymer having a high whiteness can bo obtained, 

chain, unstable groups can be Stabilized effectively in a short When the fluorine-containing polymer after the stabihza- 

period of time and generation of carbon which causes tion treatment has the number of carbon radical spins 

coloration can be inhibited. * measured by ESR analysis at a temperature ot 77 K of not 

In the present invention, as far as the above-mentioned more than 5x10 spin/g, preferably not more than 1x10 

conditions are satisfied, even if a kneadcr having a power spin/g, it indicates that a product (lor example, pellets) 

coefficient K of less than 8,000 is used, a desired result can extruded from the kneader after tho stabilization treatment 

be obtained. However in order to further shortening a has a high whiteness. With respect to an extruded product of 

treating time, it is preferable to employ stronger kneading so the above-mentioned U.S. Pat, No. 4,675,350, a color 

condition, namely a power coefficient K of not less than thereof is grey or brown, and the number of carbon radical 

8,000, preferably not less than 10,000. ^ &om about 8,0 x 1013 spin/g to about 1.0x10 

Examples of the kneader which can be used in the present spin/g. 

invention are multi-screw kneader, for instance, a twin- The ESR analysis is earned out m helium atmosphere 

screw extruder, a kneader having a very small effective M under the following measuring coaditoJMby usmg an 

volume ratio, etc. Among them, the twin-screw extruder is " equipment ESP350E available from BRUKER INSTRU- 

preferable because distribution of residence time is narrow, MENTS INC. 

continuous operation can be achieved, and a pressure at Magnetic field sweeping range: 331.7 to 341.7 mT 

reaction part can be increased by melt-sealing. Modulation: 100 kHz 

The stabilization treatment zone may be provided at the Microwave: 0.063 mW, 9.44 GHz. 

screw portion just after a melting zone formed by the 60 With respect to technical matters other than those 

kneading disc of the twin-screw extruder. Also it is possible explained below, for example, the fluorine-containing 

that the melting zone is made longer and the latter portion polymer, kneader, fluorination treatmont, etc., the cxpiana- 

thereof is used as the stabilisation treatment zone. tion on above-explaincd techniques of the invention can be 

A treating time, namely a residence time in tho stabilize applied, 

tion treatment zone varies depending on a structure of the 65 In the present invention, in which an oxygen amount m 
kneader in the stabilization treatment zone, a method of the stabilization treatment zone is controlled, a pressure it) 

supplying water and air, a treating temperature, etc. Usually the stabilization treatment zone may be under reduced 
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pressure, under atmospheric pressure or under pressure. (Degree of Coloration) 

When ihe stabilization treatment is carried out imdor The degree of coloration is judged under the following 
pressure, the pressure may be higher than 0.1 MPa (1 atm). criteria by evaluating a whiteness of tho fluorine-containing 
Like the above-mentioned invention, the pressure is prefer- polymer after melt-molding with naked eyes based on the 
ably0.2MPaormore,particularIy0.3MPaormorefromtlie 5 un-treatcd fluorine-containing polymer before molt- 
point that a stabilization treatment time can be shortened, molding. 

unnecessary deterioration of the polymer can be avoided and ^. xhero is no difference in color, 

a length of the stabilization treatment zone can be shortened. B Th . yc n oW i ng slightly. 

When the stabilization treatmont is earned out under r . _,. . * ,, . * „ J£* nt iv 

pressure, it is preferable to provide a deaeration zone as ™ ore » y^^ng apparently, 

mentioned above. , 10 D; Ihero is browning. 

When the stabilization treatment is carried out under EXAMPLE 1 

reduced pressure, it takes a time somewhat, but is idvanta- ..... . . , . ™„,, 

geous because various decomposed gases and low molecular Stabilization treatment was earned out by using FEP (melt 
weight substances which are generated by heating can bo viscosity at 372 8 C: 2.8 KPa-s) prepared by emulsion- 
easily taken out of the system and the deaeration treatment s polymerizing TFE and HFP in a ratio of 87.5/12,5 (mole 
downstream of the stabilization treatment zone can be ratio) by using ammonium persulfato (APS) as a polymer- 
carried out easily. ization initiator. 

When tho stabilization treatment is carried out under Into a twin-scrow extruder having a kneading block 

reduced pressure, if water is supplied in the form of liquid, (stabilization treatment zone) of 50 mm of axis diameterx 

a state of reduced pressure is difficult to be formed. There- 2,000 mm of total length was supplied, at a rate of 20 kg/hr, 

fore it is preferable to supply water in the form of humidified 20 the above-mentioned FEP powder (containing air) which 

air obtained by adding steam to the oxygen-containing gas. had not been subjected to a specific pre-drying treatment 

In determining the above-mentioned sufficient amount of except that potassium carbonate" was added in an amount of 

oxygen that thB fluorine-containing polymer after the stftbi- 20 ppm (this is a value converted to an amount of potassium 

lization treatment has the number of carbon radical spins and corresponds to 4.3% of the total number of unstable end 

measured by the ESR analysis at a temperature of 77 K of t$ groups). Pure water and air (oxygen concentration: about 

not mora than 5xlO j3 spin/g, preferably not more than 20%) were supplied at the side downstream of a supply port 

lxl0 ls spin/g, there are factors of changing the oxygen of FEP powder in the stabilization treatment zone at a flow 

amount such as components of the polymer subjected to rate of 5.5 kg/hr and 100 NL/min, respectively, A sot 

stabilization, the number of unstable end groups and kind temperature of the stabilization treatment zone (kneading 

and amount of a stabilizing aid. Therefore the oxygen 30 block) was 350° C, an absolute pressure was 0.6 MPa and 

amount cannot be determined unconditionally. The stabili- a total time required for the whole treatment including a 

zation treatment may be carried out actually by determining heat-melting time was 5 minutes (A residence time in the 

a propor oxygon amount by carrying out preliminary experi- stabilization treatment zone is assumed to be about two 

rnents and measuring the number of spins of carbon radical minutes). 

by the ESR analysis. With respect to a starting FEP and FEP after the stabili- 
Hie present invention is then explained below by means zal i on treatment, a volatile substance index (VI), tho number 
of examples, but is not limited to them. 0 f end groups and coloration wore evaluated by the above- 
Methods and criteria of evaluations employed in mentioned methods. Tho results arc shown in Table 1. 
Examples and Comparative Examples are as mentioned mmuiiirmni twaa/iuti? 1 
below The number of spins measured by ESR analysis was COMPARATIVE EXAMPLE 1 
measured by tho above-mentioned method. 40 A stabilization treatment was carried out in the same 
(Volatile Substance Index: VI) manner as in Examplo 1 except that air was not supplied, and 
The volatile substance index (VI) explained below is the evaluation was carried out in the same manner. The 
known as a method for evaluating an amount of volatile results are shown in Table 1. 
substances to be generated when the polymer is melt-molded 

(WO 98/09784). 45 TABLE 1 

A heat resistant vessel is charged with 10 g of a sample -— — — — - 1 

polymer and is put in a high temperature block maintained 
at 380° C. to reach the thermal equilibrium state. Thereafter 
a change in a pressure is recorded every 10 minutes for 60 

minutes, arid the volatile substance index (VI) is calculated 5 , 
by the following equation: 

WslatUn substauca tndcx-(P 40 -P 0 )xV/10/H' 

wherein P 0 and 1\ 0 are a pressure (mmHg) before putting in 
a high temperature block (P 0 ) and a pressure (mmHg) 40 
minutes after putting in a high temperature block (P 40 ), 
respectively, V is a volume (ml) of the vessel and W is a 
mass (g) of the sample. 

It is desirable that the volatile substance index is not more 
than 25. If tho index exceeds 25, there arises a problem with 6 
bubbles and cavity generated at melt-processing. 
(Quantitative Measurement of the Number of End Groups) 

Quantitative measurement is carried out for every kind of 
end groups by infrared spectroscopic analysis described in waudf p -> 

VS. Pat. No. 3,085,083, U.S. Pat. No. 4,675,380 and S5 Bjuuwui x 

JP-A-4-20507. The evaluation is made by the number of end While melt-kneadmg and extruding were carried out by 
groups per 10 6 carbon atoms. using the samo FEP and extruder as in Example I, the 
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stabilization treatment zoos in the extruder was evacuated to 
-0.098 MPaG with ft vacuum pump and then wetted artifi- 
cial air (nitrogen/oxygen (volume)=80/20, having been sub- 
jected to wetting treatment so as to have a humidity corre- 
sponding to a saturated humidity at 80° C) was introduced 
into tbo stabilization treatment zone in a state of reduced 
pressure so that the inside pressure of tho stabilization 
treatment zone would become in a state of reduced pressure 
of -0.05 MPaG. While maintaining the inside pressure of the 
stabilization treatment zone in a state of reduced pressure, 
[TCP powder was introduced at a rate of 5 kg/hr and the 
above-mentioned pseudo air was supplied continuously at a 
rate of 10 NL/min. A set temperature of the stabilization 
treatment zone was adjusted to 350 9 C. in the same manner 
as in Example 1. The obtained extruded product was evalu- 
ated in the same manner as in Example 1. The results are 
shown in Table 2. 

TABLE 2 
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COMPARATIVE EXAMPLE 2 

While melt-kneading and extruding were carried out by 
using the same FEP and extruder as in Example 1, the 
stabilization treatment zone in the extruder was evacuated to 
-0.098 MPaG with a vacuum pump to remove oxygen and 
a slight amount of water (liquid) was introduced into the 
stabilization treatment zone in a state of reduced pressure so 
that the inside pressure of tho stabilization treatment zone 
would become in a state of reduced pressure of -0.09 MPaG. 
While maintaining the inside pressure of the stabilization 
treatment zone in the state of reduced pressure, FEP powder 
was introduced at a rate of 5 kg/hr and water was supplied 
continuously at a rate of 0.1 kg/hr. A set temperature of the 
stabilization treatment zone was adjusted to 350* C. in the 
same manner as in Example 1. The obtained extruded 
product was evaluated in the same manner as in Example 1. 
The results are shown in Table 3. 

COMPARATIVE EXAMPLE 3 

While melt-kneading and extruding were carried out by 
using the same FEP and extruder as in Example 1, the 
stabilisation treatment zone in the extruder was evacuated to 
-0,098 MPaG with a vacuum pump to remove oxygen and 
a slight amount of water (liquid) and nitrogen gas were 
introduced into the stabilization treatment zone in a state of 
reduced pressure so that the inside pressure of the stabili- 
zation treatment zone would become in a pressurized state of 
0.2 MPaG. While maintaining the inside pressure of tho 
stabilization treatment zone in the pressurized state, FEP 
powder was introduced at a rate of 5 kg/hr and water and 
nitrogen gas were supplied continuously at a rate of 0,1 
kg/hr and 10 NL/min, respectively. A set temperature of the 
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stabilization treatment zone was adjusted to 350* C. in the 
same manner as in Example L Die obtained extruded 

Cuct was evaluated in the same manner as in Example 1, 
results arc shown In Table 3. 

TABLE 3 
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25 INDUSTRIAL APPLICABILITY 

According to the stabilization method of the present 
invention, unstable groups of molt-proccssable lluorine- 
containing polymer having unstable groups can be stabilized 
rapidly and effectively, and even if the obtained stabilized 
30 polymer is melt-molded, an obtained molded article is free 
from bubbles and cavity and no coloration arises, 
What is claimed is: 

1. A method of stabilizing a fluorine-containing polymer 
by melt-kneading a melt-processable fluorine-containing 

3S polymer having unstable groups in a screw extruder having 
a stabilization treatment zone which satisfies tho following 
conditions: 

(1) an oxygen-containing gas is present in tho stabilization 
treatment zone such that oxygen is present in at least an 
equimolar amount as that of an unstable end group 
— CF=-CF Z , and 

(2) water is present in the stabilization treatment zone. 

2. The stabilization method of ctaim 1, wherein the 
oxygen-containing gas is supplied into the stabilization 

< treatment zone. 

3. The stabilization method of claim 1, wherein said screw 
extruder k a twin-screw extruder. 

4. The stabilization method of claim 1, wherein an abso- 
lute pressure in the stabilization treatment zone is adjusted 
to a pressure of less than 0,1 MPa. 

50 5. The stabilization method of claim 1, wherein said 
oxygen-containing gas is air. 

6. The stabilization method of claim I, wherein a com- 
pound containing an alkali metal, alkali earth metal or 
ammonium salt, an alcohol, an amine Or a salt thereof, or 

55 ammonia is present in said stabilization treatment zone. 

7. A method of stabilizing a fluorine-containing polymer 
by melt-kneading a melt-processable fluorine-containing 
polymer having unstable groups in a kneader having a 
stabilization treatment zone which satisfies the following 

fi 0 conditions: 

(1) an oxygen-containing gas is present in the stabilization 
treatment zone such that oxygen is present in at least an 
equimolar amount as that of an unstable end group 
— CF=CF 2 , 

6i (2) water is present in the stabilization treatment zone, and 

(3) an absolute pressure in the stabilization treatment zone 
is adjusted to a pressure of 0.2 MPa or more. 
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8. The stabilization method of claim 7, wherein the (b) water is present in the stabilization treatment zone, 
unstable groups of the fluorine-containing polymer are end 21. The stabilization method of claim 20, wherein a 
groups and/or bonded parts of trunk chain of the polymer. pressure in the stabilization treatment zone is in the state of 

9. The stabilization method of claim 7, wherein the tt reduced pressure. 

oxygen-containing gas and/or water are pro-mixed to the s 22. The stabilization method of claim 20, wherein a 

fluorine-containing polymer, and in addition to the pre- pressure in the stabilization treatment zone is in the state of 

mixing or without the pro-mixing, the oxygen-containing atmospheric pressure or in a pressurized stalo. 

gas and/or water are supplied in the stabilization treatment 23 <rhe stabilization method of claim 20, wherein said 

zonc - , , „ unstable groups of the fluorine-containing polymer are end 

10. The stabilization method at claim 7, wherein an 1Q groups and / of oond(sd parts D f a trunk chain of the polymer, 
absolute pressure in the stabilization treatment 'zone is 2 4. The stabilization method of claim 20, wherein the 
adjusted to a pressure of 0.3 MPa or more. oxygen-containing gas and/or water are prc-mixed to the 

11. The stabilization method of claim 7, wherein said n. UO rine-containing polymer, and in addition to the pre- 
^Y! 0 "^^! 11 ™ 6 S 1|S 18 If', r , . „ u . mixing or without the pre-mixing, the oxygen-containing 

12. Iho stabilization method of claim 7, wherein a com- s a[ f d y 0f watef afe supp Lietl in the stabilization treatment 
pound containing an alkali metal, alkali earth metal or 35 "one 

ammonium salt, an-alcohol, an amine or a salt thereof, or 23 ' Thc stabilization mc | hod of c i a i m 20, wherein the 

ammonia is present in said subiLzauon treatment zone. oxygen-containing gas is air. 

13. The stabilization method at claim 7, wherein said 26 Thc Btabil f 2aticm method of claiB , 2 0, wherein a 
Imeader is a multi-screw kneader compound containing an alkali metal, alkali earth metal or 

14. The stabilization method ot clatm 13, wherein said 20 ttmraonium salli an an nm j ne or a sa it thereof, or 
multi-screw kneader is a twin-screw extruder. ammonia is present in said stabilization treatment zone. 

15. The stabilization method of claim 7, wherein the 27 llj0 atabilfxntion method of claim 20, wherein said 
fluorine-containing polymer is a copolymer comprising at leader is a multi-Bcrow kneader 

least two monomers selected from the group consisting of 28 The stabiIizat j Dn mcmo d of claim 27, wherein said 

tetrafluoroelhylene. hexafluoropropylene, perfiuoro(alky 2! mu u;. B0I . ew kneader is a twin-screw extruder, 

vinyl ether), ethylene vinylidene fluoride and 29 Thc Btlbillaatlon mcthc , d of c i aim 20, wherein the 

chlorotrifluoroethylene, chlorotnfluoroethylene homopoly- fluorine-containing polymer is a copolymer comprising at 

mer or vinylidene fluorido homopolymer. ... least two monomers selected from the group consisting of 

16. The stabilization method of claim 15, wherein the ictrafluoroethylene, hexafluoropropylene, perfluoro(alkyl 
fluorine-containing polymer is a copolymer comprising 0.5 3Q vinyl etner \ ethylene, vinylidene fluoride and 
to 13% by weight Of perfluoro(mcthyl vinyl ether) 0.05 to chlorotriiluoroctbylene, chlorotrifluoroethylene homopoly- 
3% by weight of perlluoro(alkyl vinyl ether) other than said me( . or vmylidcnc ji uor jde homopolymer. 
perfluoro(methyl vinyl ether) and a remaining amount of 3() Tbe stab iu za( i on mo thod of claim 29, wherein the 
tetrafiuoroethylene. fluorine-containing polymer ia a copolymer comprising 0.5 

17. The Stabilization method of claim 15, wherein the to n% b wci ht of peffluoro( - mo ,h y l viny l ct hcr), 0.05 to 
fluorine-containing polymer is a copolymer comprising tct- ■» 3% by wcight of perfluon^glkyi vinyl ether) other than said 

rafluoroethylcno and hexafluoropropylene. eerfluorofmethyl vinyl other) and a remaining amount of 

18. The stabilization method of claim 15, wherein the tetrafluoroethyleno. 

fluorine-containing polymer is a copolymer haying unstable 3l stft t>iii za ti 0 n method of claim 29, wherein the 

groups and prepared by emulsion polymerization. fluorine-containing polymer is a copolymer comprising tet- 

19. The stabilization method of claim 7, wherein said 40 r afl UD ro6thylene and hexafluoropropylene. 

kneader has a deaeration zone adjusted to an absolute 32 ^ Btab iii Zat i otl method of claim 29, wherein the 

pressure of 0. 1 MPa or less in the downstream of the fluorine-containing copolymer is a copolymer having 

stabilization treatment zone. unstable groups and prepared by emulsion polymerization. 

20. A method of stabilizing a fluorine-containing polymer 33 ^ stab iUzation method of claim 20, wherein said 
by melt-kneading a melt-processable fluorine-containing 45 nas 8 deaeration zone adjusted to an absolute 
polymer having unstable groups in a kneader having a p ressure 0 f 0.1 MPa or less in the downstream of the 
stabilization treatment zone which satisfies the following stabilization treatment zone. 

conditions: 34, pellets comprising thc fluorine-containing polymer 
(a) an oxygen-containing gas is present in the stabilization continuing — CF Z H end group, and having the number of 
treatment zone in a sufficient amount that the fluorine- 50 carbon radical Spins measured by an electron Spin resonance 
containing polymer after the stabilization treatment haB absorption analysis at a temperature of 77 K of 1*10 J3 
the number of carbon radical spins measured by an spins/g or less, 
electron spin resonance absorption analysis at a tem- 
perature of 77 K of IxlO 13 spins/g or loss, and ***** 
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